INTRODUCTION
There are a number of different physics objectives (A-D, below) for studies in E781 [1] and elsewhere of the reactions 1-8 listed below, reactions involving mainly pion induced two-meson final states. The discussion here describes the different objectives separately, and the relevant data needed for each objective. The objectives are: A) nuclear inelastic coherent diffraction cross section channels for incident pions or hadrons, for studies of color fluctuations. B) Radiative widths of excited Meson States Via Primakoff. C) determination of the π − + ρ → π − + γ total reaction rate for photon production above 0.7 GeV, via Primakoff. D) Investigation of the Chiral
Anomaly γ → 3π in pion pair production by a pion, via Primakoff. The Primakoff studies B,C,D are rather straightforward, the diffractive studies need to be studied as background to the Primakoff reactions; but here are discussed for their own merits.
Detailed discussions of items A-D are given below.
Examples of the reactions considered are:
2) π − + pomeron → π − + ρ (Diffractive)
3) π − + virtual photon → K − + K * (Primakoff) We distinguish between Primakoff production of a final state πρ configuration, via the reaction π + virtual photon → π +ρ; and a diffractive process, which involves π + pomeron → π+ρ. Both Primakoff production and diffractive production give events at small t, the four-momentum transfer to the target nucleus. A simple cut on t is not the best way to make the separation. Rather, the t-distribution dσ/dt must be fit in terms of: dσ/dt = F for tR 2 A /3 << 1. Zielinski et al. [2] did not include an interference term for three pion production, since Coulomb-produced final states have Gottfried-Jackson helicity M=±1, while strong production occurs dominantly with M=0. We consider here only the coherent Primakoff and diffractive cross sections, in which the value t is restricted to the coherent region. Zielinski et al. [2] define the coherent region for three pion production as t < t * where t * = 0.4A −2/3 GeV 2 for incident 200 GeV pions. The value t* corresponds to the expected first minimum of the t-distribution for a target of nucleon number A. Similar t* definitions will be used for other final diffractive states.
This work shows how one can attain the required t-resolution needed to guarantee coherrent diffraction. For a target nucleus with A=208, the maximum nuclear recoil energy is E * = t * /(2 × 208 × 0.93) = 30 KeV, below the excitation energy of low lying nuclear levels.
For the diffractive data, following separation from the Coulomb cross section, one is left with the difficult task of estimating the acceptance and reconstruction efficiency.
The efficiency is sensitive to the polar angle distribution of the decay pions, which is different for different possible spin-parity states of the decaying system. A spin-parity analyses is done [2, 3] , which is also sensitive to the number of terms in the model.
Usually spins greater than J=3 are ignored; otherwise there are no convergent fits.
This analysis was carried out for the three-pion case, but would be more difficult for more complex final states. In addition, the three-pion analysis was restricted to M 3π values between 0.8 and 1.5 GeV. For larger masses, the fπ decay mode becomes important, and the partial wave structure is more complex. The efficiencies were determined in this way to ±10% for the three-pion case. Similar analyses are required for each diffractive channel and mass range measured.
We consider diffractive events proceeding through pomeron exchange. For the π − pomeron → π − ρ transition, G-parity is negative for initial and final states. For the π − pomeron → π − ω transition, G-parity is negative for the initial state, and positive for the final state. Therefore, the soft cross section is dominated by photon exchange for the πω final state. By studying both πρ and πω final states, we can better learn how to separate Primakoff from diffractive events. The ω is observed via it decay to π + π − π 0 . The invariant mass spectra of the πω and πρ systems produced are important, and will also be studied.
A) Inelastic Coherent Diffraction Cross Sections.
Soft coherent diffractive dissociation of an incident pion by a nuclear target can provide important experimental tests of the idea of size fluctuations in the projectile wave function [4, 5, 6, 7, 8, 9] . The target remains in its ground state, as the incident pion diffractively dissociates. The incident pion can be considered as a superposition of different configurations, having different sizes. Large inelastic diffractive cross sections arise only if there are significant differences in the absorption cross sections of the different configurations, as described in references [4, 8] [4] . The interactions occur between the excited configuration and target material over the coherrence length, so that the amplitudes from the entire target for the diffractive dissociation add coherently and constructively. The incident pion, entering the nucleus in a specific initial configuration, can be treated as frozen in that configuration as it passes through the entire nucleus.
FMS [4, 8] described a two component model of the pion projectile, to illustrate the basic idea of diffraction as formulated by Feinberg and Pomeranchuk [10] , and by Good and Walker [11] . The two component wave function is taken here as:
If the two components are absorbed with equal strength ǫ, the final state is just ǫ | π >, and no inelastic states are produced.
Otherwise, the final state does not coincide with | π > and inelastic diffraction takes place [4] . The interaction between a SSC pion and the target is weak, because color fields in the closely packed SSC cancel each other. The term color fluctuations is used to describe how the pion fluctuates between its various configurations, and how color dynamics affects the interaction strengths of the different configurations [4] . For simplicity, we do not discuss here a number [4] High energy diffractive processes have been described [4] in terms of a probability P (σ) that a configuration interacts with a cross section σ. P (σ) estimated from data is broad; in line with the view that different size configurations interact with widely varying strengths or cross sections. One can describe P (σ) in terms of its moments:
The zeroth moment is unity, by conservation of probability, and the first corresponds to the total hadron-nucleon cross section σ tot (hN). The second moment has been determined from available diffractive dissociation data. Different determinations [4, 8] give consistent values for σ 2 , the variance of the distribution: suggested [12] to look for the SSC via the hard dissociation of apion to two minijets. But it is useful to consider also whether one can identify SSC contributions in other reaction channels, including those considered here.
Nuclear hadron inelastic coherent diffractive cross sections provide experimental tests of size or color fluctuations. The total diffractive cross section for an incident pion is given as [4] :
Here
, with ρ A (B, Z) the nuclear density. The direction of the beam isẐ and the distance between the projectile and the nuclear center is R = B + ZẐ. Related equations were given previously within the two-gluon exchange model by Kopeliovich et al. [13] ; and within the framework of color transparency by Bertsch et al. [14] .
For the extreme black disk limit, the function F (σ, B) in Eq. 1 is unity for positions inside the nucleus and zero otherwise, so that σ dif f vanishes [4] . One can also show that color fluctuations lead to non-vanishing diffractive cross sections by considering the consequences of ignoring the fluctuations of the cross sections in Eq.
1. In that case, P (σ) is a delta function, P (σ) = δ(σ − σ tot (πN)), and this leads [4] again to σ dif f (A) = 0.
Such vanishing cross sections contrast strongly with the color fluctuation calcu-lation of FMS [4] using realistic P (σ). The FMS calculation for the total diffractive cross section leads to σ The specific observed pion and neutron channels described above correspond only to roughly 20% and 4% respectively, of this prediction [4] . Good and Walker [11] , are π → KK 0 , π → KK 0 π 0 , π →pn, π →ΛΣ. It is important to get improved data compared to Zielinski et al. [2] for the three-pion case, and new data for the many other channels. Soft diffractive dissociation cross section data for other hadrons are also of great interest; as for Σ − → Λπ − and other Σ channels that can be studied in E781. Such new experiments will also thereby determine how the total diffractive cross section is distributed between the different possible channels The total soft diffractive cross section probability for a pion can be approximated by [4] :
This expression is found [4] starting with Eq. 1, and expanding P(σ) in a Taylor series aroundσ = σ tot (hN). This formula in the framework of the color fluctuations calculation, gives a clear relationship between the measured total diffractive cross section for target A, and the total hadron-Nucleon cross section. A confirmation of this relationship would provide another test for the color fluctuation framework.
The color fluctuation framework also gives predictions [4] for the zero-degree total diffractive differential cross sections, which can provide yet further checks.
The 1-3 GeV higher transverse mass range for two-meson diffractive transitions involves a mixture of soft and hard processes. Theoretical calculations are difficult for this mixed region. It is difficult to get high quality data for transverse mass values significantly higher than 1 GeV, considering that the cross sections and statistics will be too small. Some low statistics data for this mass range may nonetheless motivate theoretical efforts. One may expect [16] also that two-meson data at higher transverse mass would be more sensitive to the SSC, as was demonstrated recently for two-jet [12] diffraction. A natural guess for fixed invariant mass M is that the transparency and A-dependence will increase with increasing transverse mass [16, 4] . One may also expect [14] that diffractive production of charm may be sensitive to SSC.
B) Radiative Widths of Mesons.
High energy pion experiments at FNAL and CERN can obtain new high statistics data for radiative transitions leading from the pion to the ρ, to the a 1 (1260), and to the a 2 (1320). These radiative transition widths are predicted by vector dominance and quark models. They were studied in the past by different groups, but independent data would still be of value. For ρ → πγ, the widths obtained [17, 18, 19, 20] range from 60. to 81. KeV. For a 1 (1260) → πγ, the width given [21] is Γ = 640. ± 246.
KeV; for a 2 (1320) → πγ, the width given [22] is Γ = 295± 60 KeV; and for b 1 (1235), the width given [3] is Γ = 230± 60 KeV. Radiative transitions of Σ → Σ * can also be studied [23, 24] . The a 1 (1260) radiative width is related to the pion polarizability [23, 25, 26] .
Studies are also possible for Primakoff production of exotic mesons. Consider the search for C(1480) 1 −− via Primakoff production; described by L. Landsberg [27] . It involves Primakoff production of C(1480) with a π − beam at 600 GeV, and observation of the C decay by:
Consider also the search for 1 −+ Hybrid Mesons, as described by M. Zielinsky et al. [28] . One can look for Primakoff production with a 600 GeV π − beam of the Hybrid meson HY, via observation of a number of decay channels:
C) Experimental determination of the π + ρ → π + γ reaction rate.
The gamma production reaction can be studied (via the inverse reaction, with detailed balance) via the Primakoff reaction π − + γ → π − + ρ 0 . This production rate enters the consideration of the expected gamma-ray background from the hot hadronic gas phase in heavy ion collisions, and is important for quark gluon plasma experimental searches via gamma ray production. Of interest also is the invariant MeV, more than two times higher than the experimental value of Zielinski et al. [21] .
With this estimated width, they calculate the high energy photon production cross section. They include high temperature effects for a hot hadronic gas. A more recent photon production calculation also involving a 1 resonance effects was given by Song [29] . There are many other theoretical studies for gamma rays from hadronic gas and QGP in the Quark Matter conferences, and elsewhere. Some relevant articles are by Ruuskanen [30] , Kapusta et al. [31] , Alam et al. [32] , Nadeau [33] , and Schukraft [34] . One can measure such cross sections for normal mass mesons, and therefore to experimentally provide the data base for evaluations of the utility of gamma production experiments in QGP searches. One can experimentally check the a 1 (1260) dominance assumption of XSB.
In a hadronic gas at high temperature, the πρ interaction can be near the a 1 resonance [26] . One must consider also that certain properties (masses, sizes, parity mixing) of the π and ρ and a 1 change [26, 29, 35, 36, 37] , and that their numbers increase due to the Boltzmann factor. XSB expect an increased yield from the hot hadronic gas, higher than estimated previously by Kapusta et al. [38] . One expects many gamma rays from QGP processes, such as a quark-antiquark annihilation→ gγ or Compton processes such as qg → qγ andqg →qγ. Chakrabarty et al. [39] studied the expected gamma ray yields from hot hadronic gases and the QGP. They suggested that gamma rays between 2-3 GeV from the QGP outshine those from the hot hadronic gas phase.
D) Investigation of Chiral Anomalies.
Chiral anomalies can be studied in E781. Before giving experimental details, we first describe chiral anomalies for a massless field theory, following K. Huang [40] .
The lagrangian density in such a theory is invariant under a chiral transformation, which implies that a conserved axial-vector current must exist. One may ask if this axial current is the gauge-invariant chiral current. In that case, the divergence of the chiral current should be zero. However, the correct analysis must account for the fact that the currents are singular operators. One can then show that the divergence of the chiral current is equal to an "axial anomaly" term rather than zero. The required conserved axial-vector current does exist and can be defined; but it is not the chiral current, it is not gauge invariant, and it does not couple to physical fields.
For the γ-π interaction at low energy, chiral perturbation theory (χPT) provides a rigorous way to make predictions; because it stems directly from QCD and relies only on the solid assumptions of spontaneously broken SU(3) L × SU(3) R chiral symmetry, Lorentz invariance and low momentum transfer. Unitarity is achieved by adding pion loop corrections to lowest order, and the resulting infinite divergences are absorbed into physical (renormalized) coupling constants [41, 42] . With a perturbative expansion of the effective Lagrangian limited to terms quartic in the momenta and quark masses (O(p 4 )), the method successfully describes many physical processes. At O(p 4 ) level, the lagrangian includes Wess-Zumino-Witten (WZW) terms [43] , which incorporate the chiral anomalies of QCD. These modify the Ward identities [41, 44] for the currents, and also lead to anomalous terms [40, 41, 43, 45] in the divergence equations of the currents. These anomalies at the O(p 4 ) level lead directly to an interesting relationship [46] between the processes π 0 → 2γ and γ → 3π. The latter two processes are described by the coupling constants F π and F 3π , respectively. The F π vertex was first described by Adler, Bell, and Jackiw [47] . The relationship is [46] :
where e= (4πα) and f is the charged pion decay constant. The experimental confirmation of Eq. 3 would demonstrate that the O(p 4 ) terms are sufficient to describe F 3π within the framework of the chiral anomalies.
For the chiral anomaly, the γπ → ππ reaction was measured [45] is an example of the well tested Primakoff formalism [17, 18] that relates processes involving real photon interactions to production cross sections involving the exchange of virtual photons.
In the Serpukhov experiment, it was shown [45] To illustrate the kinematics, consider the reaction:
for a 600 GeV incident pion, where Z is the nuclear charge. The 4-momentum of each particle is P π , P Z , P π ′ , P Z ′ , P π 0 , respectively. In the one photon exchange domain, eqn. 4 is equivalent to:
and the 4-momentum of the incident virtual photon is k = P Z -P Z ′ . The cross section for the reaction of eqn. 4 depends on F 2 3π , and on s, t, t 1 , t 0 . Here t is the square of the four-momentum transfer to the nucleus, √ s is the invariant mass of the ππ final state, t 1 is the square of the 4-momentum transfer between initial and final π − in Eq.
5, and t 0 is the minimum value of t to produce a mass √ s.
The data yield F 3π = 12.9 ± 0.9(stat) ± 0.5(sys)GeV −3 , from Antipov et al. [45] .
The uncertainties do not include aproximately 10% uncertainties [45] 
which an incident high energy pion scatters inelastically from a target electron in an atomic orbit. The data uncertainties [51] in this case are roughly 25%, and there are also additional theoretical uncertainties in the extrapolation to zero momentum transfer. Therefore, the hypothesis of chiral anomalies at O(p 4 ) is not confirmed by the available γ → 3π data.
Bijnens et al. [52, 53, 54] within χPT studied yet higher order corrections in the abnormal intrinsic parity (anomalous) sector. They included one-loop diagrams involving one vertex from the WZW term, and tree diagrams from the O(p 6 ) lagrangian.
Some one-loop diagrams give finite contributions. Others lead to divergences that are eliminated by the O(p 6 ) terms. These higher order corrections are small for F π . For the F 3π vertex, they increase the lowest order value of F 3π , from Eq. 3, from 7% to 12%. Bijnens et al. give the eq. 3 value of F 3π as 9.5 GeV −3 , which corresponds to using the PDG value f=93.2 MeV. The one-loop and O(p 6 ) corrections to F 3π are comparable in strength. The loop corrections to F 3π are not constant over the whole phase space, due to dependences on the momenta of the 3 pions. The average effect is roughly 10%, which then changes the theoretical prediction from Eq. 3 to roughly 11. GeV The experiment at 40 GeV suffered from the need to disentangle Primakoff and strong contributions. This problem was a major factor in setting the systematic uncertainty of the experiment. In E781, at the 600 GeV higher energy, the strong contribution is negligible, which should significantly reduce the systematic uncertainty.
The 1 MHz pion flux at FNAL E781 will enable superb statistics for a new measurement. Also, the extrapolation to threshold can be accomplished with significantly smaller error in future experiments. This is done for a high statistics experiment by restricting the data set to significantly lower values of (s) and t 1 , compared to 
